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(57) Abstract 

This invention is an articulated surgical instrument (12) for enhancing the performance of minimally invasive surgical procedures. 
The instrument (t2) has a high degree of dexterity, low friction, low inertia, and good force reflection. A unique cable and pulley drive 
system operates to reduce friction and enhance force reflection. A unique wrist mechanism operates to enhance surgical dexterity compared 
to standard laparoscopic instruments (12). The system is optimized to reduce the number of actuators required, and thus produce a fully 
functional articulated surgical instrument of minimum size. 
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ARTICULATED SURGICAL INSTRUMENT FOR 
PERFORMING MINIMALLY INVASIVE SURGERY 
WITH ENHANCED DEXTERITY AND SENSITIVITY 

5 FIELD OF THE INVENTION 

This invention relates generally to methods and apparatus for enhancing 
the performance of minimally invasive surgery. This invention relates 
particularly to surgical instruments that augment a surgeon's ability to perform 
minimally invasive surgical procedures. This invention relates more particularly 
10 to a novel articulated surgical instrument for minimally invasive surgery which 
provides a high degree of dexterity, low friction, low inertia and good force 
reflection. 

BACKGROUND OF THE INVENTION 

Minimally invasive medical techniques are aimed at reducing the amount 
15 of extraneous tissue which must be damaged during diagnostic or surgical 
procedures, thereby reducing patient recovery time, discomfort, and deleterious 
side effects. Approximately 21,000,000 surgeries are now performed each year 
in the United States. It is estimated that 8,000,000 of these surgeries can 
potentially be performed in a minimally invasive manner. However, only about 
20 1,000,000 surgeries currently use these techniques due to limitations in 
minimally invasive surgical instruments and techniques and the additional 
surgical training required to master them. 

Advances in minimally invasive surgical technology could have a 
dramatic impact. The average length of a hospital stay for a standard surgery is 8 
25 days, while the average length for the equivalent minimally invasive surgery is 4 
days. Thus, the complete adoption of minimally invasive techniques could save 
28,000,000 hospital days, and billions of dollars annually in hospital residency 
costs alone. Patient recovery times, patient discomfort, surgical side effects, and 
time away from work are also reduced with minimally invasive surgery. 
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There are many disadvantages of current minimally invasive surgical 
technology. For example, existing MIS instruments deny the surgeon the 
flexibility of tool placement found in open surgery. Most laparoscopic tools 
have rigid shafts and are constrained to approach the worksite from the direction 
5 of the small incision. Additionally, the length and construction of many 
endoscopic instruments reduces the surgeon's ability to feel forces exerted by 
tissues and organs on the end effector of the tool. The lack of dexterity and 
sensitivity provided by endoscopic tools is a major impediment to the expansion 
of minimally invasive surgery. 

Telesurgery systems for use in surgery are being developed to increase a 
surgeon's dexterity as well as to allow a surgeon to operate on a patient from a 
remote location. Telesurgery is a general term for surgical systems where the 
surgeon uses some form of servomechanism to manipulate the surgical 
instruments movements rather than directly holding and moving the tools. In a 
system for telesurgery, the surgeon is provided with an image of the patient's 
body at the remote location. While viewing the three-dimensional image, the 
surgeon performs the surgical procedures on the patient by manipulating a master 
device which controls the motion of a servomechanism-actuated instrument. The 
surgeon's hands and the master device are positioned relative to the image of the 
operation site in the same orientation as the instrument is positioned relative to 
the act. During the operation, the instrument provides mechanical actuation and 
control of a variety of surgical instruments, such as tissue graspers, needle 
drivers, etc., that each perform various functions for the surgeon, i.e., holding 
or driving a needle, grasping a blood vessel or dissecting tissue. 

25 Such telesurgery systems have been proposed for both open and 

endoscopic procedures. An overview of the state of the art with respect to 
telesurgery technology can be found in "Computer Integrated Surgery: 
Technology And Clinical Applications" (MIT Press, 1996). Moreover, prior 
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It is also an object of this invention to provide a dexterous surgical 
apparatus having a wrist with two degrees-of-freedom. 

It is a further object of this invention to provide a wrist mechanism that 
has low friction in order to provide the surgeon with sensitive feedback of forces 
5 exerted on the surgical instrument. 

It is a still further object of this invention to provide a surgical 
instrument having a wrist mechanism for minimally invasive surgery which is 
suitable for. operation in a telemanipulator mechanism. 

In accordance with the above objects of the invention applicants describe a 
10 compact articulated surgical instrument suitable for endoscopic surgery. The 
instrument has two opposed pivoting jaws and a pivoting wrist member. The 
instrument is capable of providing force reflection with high sensitivity. The 
instrument is adapted to be coupled via a servomechanism to a master control operated 
by a surgeon. 

15 

Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will 
be apparent from the following more particular description of preferred embodiments 
of the drawings in which like reference characters refer to the same parts throughout 
20 the different views. The drawings are not necessarily to scale, emphasis instead being 
placed upon illustrating the principles of the invention. 

Fig. 1 is a schematic drawing of a servomechanical surgery system including a 
force-reflecting surgical instrument mounted to a positioning mechanism. 

Fig. 2 is a schematic drawing of a positioning mechanism in forward and 

5 
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idler pulleys are rotatably mounted to the wrist member about the wrist joint. A cable 
drive system including first, second, third and fourth cables is provided. Each 
intermediate idler pulley is engaged by one cable and each driven capstan is drivingly 
engaged by two cables. The cable drive system is capable of pivoting the wrist 
5 member about the wrist joint and pivoting the work members independently of each 
other about the capstan joints. 

In preferred embodiments, a linear bearing is mounted in sliding engagement 
with the support member for allowing the distal portion of the support member to be 
reciprocated along the longitudinal axis relative to the proximal portion of the support 

10 member. In such embodiments the cable drive system is capable of translating the 
support member along the longitudinal axis. In preferred embodiments, the support 
member may also include a rotary joint separating the proximal and distal portions of 
the support member for allowing rotation of the distal portion relative to the proximal 
portion about the longitudinal axis. In such embodiments the first through fourth 

15 cables are capable of twisting about the longitudinal axis during rotation of the distal 
portion and the cable drive system comprises a fifth cable coupled to the rotary joint 
for rotating the distal portion about the longitudinal axis. 

The present invention also provides a novel system for tensioning the first, 
second, third and fourth cables. A first proximal idler pulley rotatably engages and 
20 tensions the first and second cables. A second proximal idler pulley rotatably engages 
and tensions the third and fourth cables. Fifth and sixth cables are connected to the 
first and second proximal idler pulleys for tensioning the first and second proximal 
idler pulleys. A third more proximal idler pulley is rotatably mounted to a support 
member for rotatably engaging and tensioning the fifth and sixth cables. 

25 The surgical instrument further includes a plurality of actuators, each for 

driving one of the cables of the cable drive system. The instrument preferably 
comprises one actuator for each degree-of-freedom of the instrument. The actuators 



7 



WO 97/43942 



PCT/US97/08379 



arc pr.to.Wy servomo ^ ^ directly 

servomotor. 

• H-ntrf to be a slave device which is controlled by a 

^ aev.cc a* . "-—-J*" ^ ia^unrenr - * — 

«». .s forces c*r^ tocon ir*v * «al«> * hB-1 d. 

n»» provide rhe inanrmen. wnh — ^ 
posiuoningfceendpoin.. m cc— ^ „ 

^ • ^ f^i forces that are experienced oy mc u» 

^ Witt , Enhance* Dea.er.ry ^ Wnh Enoa,ced 

^ to^oer. For Pertomn* — ^ 1 „ ^ 

20 De*erity And Seoairivirv- fded on even dare nerevmh. TO 
appiicarions are incorporated hereto ny reference. 

^an.e.onapcr.enra.ano.ner.ocenon. ^ZT™**»»> 



8 



WO 97/43942 



PCT/US97/08379 



surgeon at a remote location. Instrument 12 and positioning mechanism 14 are driven 
by drive motors Ml, M2, M3, M4, M5, M6 and M7 (Figs. 3, 4, 6 and 7a-b) in 
conjunction with a series of cables and pulleys. 

Instrument 12 has low friction, low inertia and high bandwidth but a small 
5 range of motion. Positioning mechanism 14 has a large range of motion but typically 
has a higher inertia and a lower bandwidth than the instrument. The combination of 
instrument 12 and positioning mechanism 14 in a macro/micro actuation scheme 
results in a system with increased dynamic range compared to either of its individual 
components. Positioning mechanism 14 provides telesurgery system 10 with 

10 redundant degrees-of-freedom and helps positions instrument 12 at a surgical worksite 
so that instrument 12 is generally in the proper location for performing the necessary 
surgery. Thus, by mounting instrument 12 on positioning mechanism 14, telesurgery 
system 10 is provided with high quality force control through the use of instrument 12 
while at the same time having a large range of motion due to positioning mechanism 

15 14. Instrument 12 is mounted on positioning mechanism by means of mounting 
bracket 36. Preferably, the Instrument 12 is releasably attached to positioning 
mechanism 14 using any suitable releasable attachment means such as screws, bolts, 
clamps. 

Instrument 12 has a proximal portion 28a which is rotatably coupled to a distal 
20 portion 28b by a rotary joint 26. Proximal portion 28a is slidably coupled to a sliding 
bracket 96 which forms a sliding joint 30. Sliding bracket 96 is fixed to bracket 36. 
Bracket 36 is a mounting bracket which releasably connects instrument 12 to 
positioning mechanism 14. Distal portion 28b of instrument 12 includes a wrist 
member which is rotatably coupled to a tubular support member 24 by a wrist joint 
25 16. Two opposed work members 20a and 20b are fixed to respective driven capstans 
18a and 18b which are rotatably coupled to wrist member 22 about capstan joints 19a 
and 19b. The work members 20a and 20b can be the operative end of standard 
surgical instruments such as scissors, retractors, needle drivers and electrocautery 
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Haptic master device 150 suitable to control instrument 12 is a seven degree- 
of-freedom input device. During use the master 150 is fixed in place to a console or 
cart or similar stationary support such that the mount provides a fixed reference point 
During use, the surgeon manipulates the position and orientation of the master 
5 mechanism relative to its stationary support. Linkages, motors and encoders of the 
master detect the surgeon's movements and transmit them to the computer. The 
motors of the master preferably also provide force feedback to the surgeon. This 
controls motions of instrument 12 and positioning mechanism 14 and thus controls the 
position of the distal end of instrument 12 relative to the surgical site. 

1 0 One apparatus suitable for use as a master in the presently described system is 

described in United States Patent 5,587,937, titled Force Reflecting Haptic Interface 
the contents of which are incorporated by reference herein. Another suitable master 
device is described in United States Patent 5,576,727, titled Electromechanical 
Human-Computer Interface With Force-Feedback the contents of which are 

15 incorporated by reference herein. The haptic master apparatus disclosed in the above 
references would require the addition of a further powered degree-of-freedom to 
provide force reflection from gripping the work members. For example, finger 
grippers may be attached to a motor and encoder on a separate mechanism for 
operation by the other hand of the surgeon. Alternatively, finger grippers may be 

20 attached to a motor and encoder on the same device for operation by the surgeon. 

When employing telesurgery system 10 for laparoscopic surgery, positioning 
mechanism 14 is mounted to a manually-operated setup joint (not shown). After the 
setup joint has been used to position the tool and lock the tool in place, the surgeon 
then manipulates master device 150 to move instrument 12 through a cannula 113 
2 5 inserted through small incision 112 in the abdominal wall 1 10 of the patient. In 
response to manipulation of master device 150, the distal portion 28b of the 
instrument 12 is translated downwardly relative to positioning mechanism 14 along 
sliding joint 30 for insertion through cannula 113 and abdominal wall 110. 
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incision 112 may be applied to the positioning mechanism. However, in applicants* 
preferred embodiment, primarily the surgical instrument detects forces for force 
reflection. Therefore, the higher inertia and friction of the positioning mechanism and 
the extraneous forces acting on it are excluded from the force reflection system. 
5 Thus, the quality of the force reflection between the tip of the instrument 12 and the 
master device is greatly improved. 

Referring to Figs. 3, 4 and 5, instrument 12 is now described in greater detail. 
Tubular support member 24 of distal portion lies along axis C-C and houses a series 
of cables CI, C2, C3 and C4 which travel the length of tubular support member 24. 

10 Cables CI, C2, C3 and C4 control the rotation of joints 19a, 19b and 16 for 

controlling the operation of work members 20a and 20b and the orientation of wrist 
member 22. Wrist member 22 includes two opposed distal ears 21a and 21b forming 
a clevis for supporting driven capstans 18a and 18b at respective capstan joints 19a 
and 19b which lie along axis A-A. Wrist member 22 also includes two opposed 

15 proximal ears 23a and 23b forming a clevis for supporting intermediate idler pulleys 
70 and 72 which lie along axis B-B between ear 23a and tongue 24a at wrist joint 16. 
Intermediate idler pulleys 74 and 76 are supported between ear 23b and tongue 24a. 
Cables CI, C2, C3 and C4 engage driven capstans 18a/18b as well as intermediate 
idler pulleys 70, 72, 74 and 76 as described later in greater detail. 

20 Work members 20a and 20b may be removably fixed to respective driven 

capstans 18a and 18b. Although work members 20a and 20b are depicted in the 
figures as being grippers, work members 20a and 20b can be replaced with other 
types of work members such as scissors, cutters, graspers, forceps or needle holders 
for stitching sutures. Typically, the work members are fixed to driven capstans 18a 

25 and 18b by a screw, clip or other suitable fastener. However, the work members 
may also be permanently affixed to the driven capstans by soldering or welding or 
the like or may be formed in one piece with the driven capstans. 

13 
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actuation of motor M5 can be used to rotate tubular support member 24 and the end 
effector it supports. 

Referring to Fig. 6, the cable drive system of instrument 12 is now described 
in greater detail. Work members 20a and 20b, wrist member 22 and the translation of 
5 instrument 12 along longitudinal axis C-C are driven by cables CI, C2, C3 and C4 
which are arranged in an N + 1 actuation scheme. The N + 1 actuation scheme 
allows the actuation of a three degree-of-freedom wrist using four cables. Four cables 
is the theoretical minimum possible number of tension elements required to drive 
three degrees -of-freedom and thus allows the instrument to be of minimum size and 
10 weight. Alternative actuation schemes using more cables may be desirable in 

situations where the forces required for actuation of different motions differ greatly in 
magnitude. The disadvantage of using more cables is an increase in weight, 
complexity and minimum size. 

In Fig. 6, the rotational motion of joint 26 about axis C-C is omitted in order 
15 to more easily show cables C1-C4. Such rotation results only in twisting of the cables 
C1-C4 between motors M1-M4 and pulleys 70, 72, 74 and 76. The cables are 
however arranged in tubular support member 24 such that this twisting does not 
significantly change the length of the cable path. Care should however be taken to 
prevent over-rotation of the instrument which would cause the cables to twist into 
20 contact with each other and create friction between the cables. 

As shown in Fig. 6, cables CI and C2 form two sides of a continuous cable 
loop 44. Cable CI of loop 44 engages a proximal idler pulley 80, the drive shaft of 
motor Ml, intermediate idler pulley 70 and driven capstan 18a. Cable loop 44 returns 
from driven capstan 18a as cable C2 and engages intermediate idler pulley 76, the 
25 drive shaft of motor M2 and proximal idler pulley 80. 



As shown in Fig. 6, cables C3 and C4 form two sides of a continuous loop of 
cable 46. Cable C3 of cable loop 46 engages proximal idler pulley 78, the drive shaft 

15 
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^ from driven capaan 18b as cable C4 and engages intermedia* idler pdte, 74. 
the drive shaft of motor M4 and proximal idler pulley 78. 

As shown in Fig. 6. proximal idler pulleys 78 and 80 are tensioued by cables 
5 CT ^C6*charefixed m toee«erofproxin n lidlerpulle,s78^80.C* te 

C7 and C6 form rwo sides of a single eable 45 which engages proximal idler pulley 82 
which is ro.anmlynx^u.sr^ 1^102 by shaft 82a. Shaft82»is 
preferably movamy mourned » support bneke. 102 by a mechanism such asalcad 
Lew The lead screw ma, rhen be adjusmd ,o appropriately tension cabtes C7 and 
„ C6 The tension is also applied via idler pulleys 78 and 80 to cables CI, C2, C3 and 
C4 Asinularleadscmwumsiotnngschensectmbeus^mnmaioncableCSby 
^mdmalt^ven^ofidlerpuneySJ. It may be required for idler pulleys 82 and 
8, » he mourned on separably adjusmble stafts for these purpose instead of angle 
shaft g2a illustrated in FIG. 3. 
l5 Driven capstans 18. and 18b may have differem tliamefert to oreler ro allow 

OH. CI through C4 to suitably engage their respective imennediate idler pulleys. 
Cables CI and C2 engage the outer infertnediae idler puUeys 70 and 76 whde cables 
C3 and C4 engage the inner imennediafe idler Pulleys 72 and 74. Ptoximal tdler 
pulleys 78 and 80 are sized such that fulley 80 is larger than pulley 78 to keep the 
20 cables straight. 

Drive motors Ml . M2. M3 and M4 control rotation of wrist member 22 about 
.* B-B. rranslanon of instiumen. 12 longitudinally along axis C-C and roanon of 
worit members 22a and 22b independent of each other about axis A-A by drtvtng 
cables CI, C2, C3 and 04. Drive motors Ml a* M2 drive cables C1/C2 in omaon 
25 in apportion to cables C3/C4 driven by drive momrs M3 and M4 in order • rome 
w ristmember22abou,ax i sB.B. Drive motor Ml drives cable CI in opposition to 
ottcCz driven by drive momr M2 to rotafe capson 18a and anachedwo* member 
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20a about axis A-A. In addition, drive motor M3 drives cable C3 in opposition to 
cable C4 driven by drive motor M4 to rotate capstan 18b and attached work member 
20b about axis A-A. All four drive motors Ml, M2, M3 and M4 drive cables CI, 
C2, C3 and C4 simultaneously to translate instrument 12 along longitudinal axis C-C. 
5 Locating drive motors Ml, M2, M3, M4 and M5 on sliding bracket 96 makes 

the distal portion 28b of instrument 12 have a small moving mass since the motors 
themselves remain stationary during actuation of the instrument. Although the motors 
are moved by positioning mechanism 14, the weight and inertia of the motors do not 
affect force reflection. This is because, as stated above, in the preferred embodiment, 
10 only the instrument is used to reflect forces to the master. In addition, employing 
cables instead of gears to control instrument 12 minimizes the amount of friction and 
backlash within instrument 12. The combination of small moving masses and low 
friction enables instrument 12 to provide force reflection to master device 150 with 
higlj sensitivity. 

15 Certain possible changes to the configuration of pulleys, cables and motors 

described above will be apparent to those of skill in the art. Although cables C1/C2, 
C3/C4, C5 and C7/C6 have been depicted to be sides of the same cables, cables Cl- 
C7 alternatively can each be individual cables which are fixed to driven capstans 18a 
and 18b, and proximal idler pulleys 78, 80 and 82. Moreover, although drive motors 

20 Ml, M2, M3 and M4 have been depicted to drive cables CI, C2, C3 and C4 

respectively, alternatively, some drive motors can be relocated from cables C1-C4 
onto cables C7 and C6 for driving cables C7 and C6. The choice of the particular 
drive scheme employed in a particular embodiment will depend on the constraints of 
the forces required to be exerted by the instrument and the need to reduce the inertia 

25 and friction of the parts of the instrument that move during its actuation. 

The surgical instrument of the present invention has been illustrated as using 
drive motors Ml, M2, M3, M4 and M5. This drive motors may be standard servo 
motors having position encoders as shown in FIG. 3. However, other actuators may 
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25 



be used, such as hydrate actuators and pi.xo.kcrt: motors. To be used * an 
actuator in toe present surgical instrument a drive tnechanism should be able to 
provide variable and controllable force and position control. 

Cables CI a. C3, C4, C7, C8 and C9 are driven by being trapped about the 
fcive shaft of the* respecrive drive momrs Ml, M2, M3, M4, M5, M6 and W. » 
atb drive mahod and . alternative cable drive tnerhod ant illusoaed to more dead 
ta Rgs 7a and 7b. For example, in Fig. 7a. cable C4 of -table loop 46 is wrapprf 
^ toe drive shaft of motor M4. Cable C4 is preferably wrapped rwo omes 
^ toe drive stoft to provide enough ttcrion b«ween toe cable C4 and toe dnve 
shaft to prevent slippage. In older to further prevent slippage the cable may be fired 
» toe drive shtft a one point b, soldering, tiding or mechanical feting means 
However .in such an embodiment the range of morion of toe cable is limned by the 
teugto of cable wrapped aronnd toe drive shaft or capaan tons reveral turns of caMe 
are usually required. 

Fig 7b depicts another preferred method for driving cables. For example. 
^ M4 includes a drive wbee. 43a arm a idler wheel 43b for fricuonali, driving . 
etongae member 47 therebetween. Cable C4 consist of wo halves, 46a turn 46b 
which are fixed to opposite ends of member 47. 

Ftg 8 depicts thedisnl end and wrist member 116 of another preferred 

tocWes eight intermedin idler pulleys instead of four. Instrument 117 includes 
tore^ediae idler pulleys 76. 74. 72 am 70 a, wrist joint 16 bu, also includes 
^rmediae idler pulleys 76a. 74a, 72. a- 70a which are posirioned adpeen, . d. 
-jteyaTe 74, 72 and 70 on tongue 24a along shaft 118. Cables CI, C2, C3 and C4 
» no. make a complae wrap around each totermediae idler puUey bu, tosmad 
^ a variable amount of toe of the surface of each puUe, varying to a range 
beweeno* and 180" over the range of motion of the wrist about axis 16. Ttas 
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prevents the cables from crossing each other and rubbing together which prevents 
friction and noise. 

Although the present invention has been described for performing laparoscopic 
surgery, it may also be used for other forms of endoscopic surgery as well as open 
surgery. The present manipulator could also be employed for any suitable remote 
controlled application requiring a dexterous manipulator with high quality force 
feedback. Moreover, while this invention has been particularly shown and described 
with references to preferred embodiments thereof, it will be understood by those 
skilled in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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What is claimed is: 

support bracket, an along.* support member, a wrist mechanism, a surgical end 
5 effector, four actuators and four cables wherein: 

the four actuators are mounted on the support bracket; 
the elongam support member has a proximal end and a dista! end audasupport 
ads running longitudinally along the etagam support member from the proxunm end 
to the distal end; 

10 the proximal end of 0* support member is coupted to the support bracket by a 

^ jota, to rouuon about the aspport axis and a linear joint for reciproc* mouon 
along the support axis; 

. <■ «_ * „,.mw»r k connected to the wrist mechanism; 

the distal end of the support member is connccreu 

the wrist mechanism supports the surgical end effector; 
15 the surgical end effector comprises a first work member; and 

the four actuators are coupled by the four cables to the wrist mechanism, the 
rotary joint and the linear joint such that selective actuation of the actuators operates 
to move the first work member of the surgical end effector about two orthogonal axes 
with two degrees-of-freedom relative to the support member, extend and retract the 
20 support member along the support axis relative to the support bracket and rotate the 

m0 ve the first work member of the surgical end effector relative to the support bracket 
with four degrees-of-freedom. 
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2. The articulated surgical instrument of claim 1 comprising five actuators mounted 
on the support bracket coupled by five cables to the wrist mechanism, the rotary joint, 
the linear joint and the end effector wherein: 

5 the end effector comprise a first work member and a second work member which 
can be moved in a scissor-like action relative to the first work member; 

whereby selective actuation of the actuators operates to move the second work 
member relative to the first work member with one degree-of-freedom and move the 
first work member relative to the support bracket with four degrees-of-freedom. 

10 3. The articulated surgical instrument of claim 1 comprising a mounting bracket 
connected to the support bracket wherein the mounting bracket is adapted to 
releasably connect the articulated surgical instrument to a positioning mechanism. 

4. The articulated surgical instrument of claim 2 wherein a first actuator drives a 
first cable in opposition to a second cable driven by a second actuator to move the first 

1 5 work member with a first degree-of-freedom relative to the support member. 

5. The articulated surgical instrument of claim 4 wherein a third actuator drives a 
third cable in opposition to a fourth cable driven by a fourth actuator to move the 
second work member relative to the first work member with one degree-of-freedom. 

6. The articulated surgical instrument of claim 5 wherein the first and second 
20 actuators drive the respective first and second cables in unison in opposition to the 

third and fourth cables driven in unison by the respective third and fourth actuators in 
order to move the first work member relative to the support member with a second 
degree-of-freedom. 

7. The articulated surgical instrument of claim 5 wherein the first, second, third 
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and fourth actuators drive respective first, second, third and fourth cables in unison « 
order to move the elongate support member along the support axis. 



8. An articulated surgical instrument for minimally invasive surgery comprising: 
actuator means comprising four actuators for operating the articulated surgical 
instrument; 

support means fixed to the four actuators; 

a surgical end effector comprising a first work member for manipulating 
human tissues; 

wrist means coupled to the surgical end effector for moving the surgical end 
effector with two degrees-of-freedom; 

an elongate support member coupled to the wrist means for insertion of the 
surgical end effector into a patient through an aperture; 

rotary joint means disposed between the elongate support member and the 
15 support bracket for rotation of the elongate support member relative to the support 
bracket; 

Unear joint means disposed between the elongate support member and the 
support bracket for extension and retraction of the elongate support member relative 
to the support bracket; 

cable drive means coupled between the actuator means and the wrist means, 
the rotary joint means and the linear joint means such that selective actuation of the 
actuator means operates to move the first work member of the surgical end effector 
relative to the elongate support member with two degrees-of-freedom, extend and 
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retract the elongate support member relative to the support bracket means and rotate 
the support member .relative to the support bracket means and thereby move the first 
work member relative to the support bracket means with four degrees-of-freedom. 

9. The articulated surgical instrument of claim 8 wherein: 
the actuator means comprises five actuators; 

the actuator means is coupled by the cable drive means to the surgical end 
effector, the wrist means, the rotary joint means and the linear joint means; 

the surgical end effector comprises a second work member opposed to the first 
work member; and 

selective actuation of the actuator means operates to move the second work 
member of the surgical end effector relative to the first work member of the surgical 
end effector with one degrees-of-freedom. 

10. The articulated surgical instrument of claim 9 further comprising a mounting 
means, connected to the support means, for releasably mounting the articulated 
surgical instrument to a positioning device. 

11. The articulated surgical instrument of claim 9 wherein the actuator means 
drives a first cable in opposition to a second cable to move the first work member 
means relative to support member with one degree-of-freedom. 

12. The articulated surgical instrument of claim 11 wherein the actuator means 
drives a third cable in opposition to a fourth cable to move the second work member 
means relative to the first work member with one degree-of-freedom. 

13. The articulated surgical instrument of claim 12 wherein the actuator means 
drives the first and second cables in unison in opposition to the third and fourth cables 
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driven in unison in order to move the first work member relative to the second work 
member with a second degree-of-fteedom. 

14 The articulated surgical instrument of claim 13 wherein the actuator means 
drives the first, second, third and fourth cables in unison in order to extend and retract 
the elongate support member relative to the support bracket means. 
15. A method of operating an articulated surgical instrument for minimally 
invasive surgery comprising the steps of: 

providing an articulated surgical instrument which has a support bracket, an 
elongate support member having a proximal end. a distal end and a support axis 
running longitudinally from the proximal end to the distal end. a rotary joint disposed 
between the support member and the support bracket for rotation of the support 
member about the support axis relative to the support bracket, a linear joint deposed 
between the support member and the support bracket for extension and retracuon of 
me support member along the support axis relative to the support bracket; a surgtcal 
end effector for manipulation of human tissues and a wrist mechanism disposed 
between the end effector and the distal end of the elongate support member for 
providing pivotal motion of the end effector with two degrees^f-freedom; 

providing a cable drive system comprising first, second, third and fourth 
actuators coupled to respective first, second, third and fourth cables; 

mserting the distal end of the elongate support member through a small 
aperture to a surgical worksite inside a patient 

selectively operating the first, second, third and fourth actuators to drive the 
respective first, second, third and fourth cables to operate the wrist mechanism and 
move the end effector with two degrees-of-freedom relative to the support member; 

25 and 
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manipulating human tissues with the end effector. 

14. The method of manipulating an articulated surgical instrument as defined in 
claim 1 1 wherein the end effector comprises a first work member and the method 
5 comprises the further steps of: 

operating the first actuator to drive the first cable; and 

operating the second actuator to drive the second cable in opposition to the first 
cable in order to move the first work member relative to the second end effector with 
a first degree-of-freedom. 

10 15. The method of manipulating an articulated surgical instrument as defined in 
claim 14 wherein the end effector comprises a second work member opposed to the 
first work member and the method comprises the further steps of: 

operating the third actuator to drive the third cable; and 

operating the fourth actuator to drive the fourth cable in opposition to the first 
1 5 cable in order to move the second work member relative to the first work member 
with one degree-of-freedom. 

16. The method of manipulating an articulated surgical instrument as defined in 
claim 15 wherein the method comprises the further steps of: 

operating the first and second actuators to drive respective first and second cables 
20 in unison; 

operating the third and fourth actuators to drive the respective third and fourth 
cables in unison in opposition to the first and second cables in order to operate the 
wrist mechanism to move the first work member of the end effector relative to the 
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support member with a second degree-of-freedom. 

claim 15 wherein toe metood comprises toe additional steps of. 

op^rtag toe first, secorrf. titird and fount, acruator* to drive respective to. 
5 ^.ti^a-ft^c^m-m^toorderu.mov.ti.e^supp-. 

along a longitudiml axis of toe elongate sopporr member. 
18 . Ttan^ofn^lati^anarticrrUtedsurgicalinsumnem^defincdm 

claim 13 wherein: 

to stt p of providing m anicnlated surgical insaumen, further comprises 

eighth taennedia* idfer pul^s wito toe fitat, second, toird and fourto crtfes 
respectively. 

15 ^ of acm^. • plunlbv of cables, a supper, brachc, anelonga* suppor, 
member, a wrist mechanisitt and a surgical end effector wherein: 

to elongate s^por. member has a proximal - - » « "* "» 1 T* 
to the distal end; 

the proximal end of the support member is coupled to the support bracket by 

u YH^r^f-freedom of movement relative to the support 
one or more joints having X degrees-ot-treeaom ui 

bracket; 

to wrfs, mechanism couples toe surgical end effector to toe distal e* of toe 
supper men** providing V deg^-of-fieadoo, of movement of toe end effcemr 
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relative to the support member; 

the surgical end effector has one or more components having Z degrees or 
freedom of movement relative to one another; 

the number of actuators is equal to X+Y+ Z; 

5 the number of cables passing through the elongate support member is no 

greater than Y+Z +2. 

20. The articulated surgical instrument of claim 19 wherein the number of cables 
passing through the elongate support member is no greater than Y+Z+ 1. 

21. The articulated surgical instrument of claim 19 wherein X=2, Y=2 and Z=l. 
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